T he availability of pharmacological therapies that prevent bone loss and reduce fracture risk poses the important questions of which patients should receive these therapies and how can we best identify those patients. These issues have relevance for both clinicians and planners of health policy. The purpose of managing patients with or at risk for osteoporosis is to reduce the likelihood of fracture, the only important clinical consequence of this disorder. 1 Lifestyle changes such as nutrition, exercise and avoidance of smoking have multiple salutary effects including the possible slowing of bone loss. Providing adequate intakes of calcium and vitamin D decrease the frequency of falls and fractures in older adults and may have other extra-skeletal benefits. 2 Thus, pursuing a health-promoting lifestyle is appropriate for all adults. This discussion will focus on which adults should receive pharmacological therapy and strategies to identify those patients.
Clinical effectiveness of reducing fracture risk
In prospective clinical trials, several drugs in various classes have significantly decreased vertebral fracture risk in postmenopausal women with osteoporosis. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Alendronate, risedronate, zoledronic acid, teriparatide and strontium ranelate have reduced the incidence of non-vertebral fractures. 6, 8, 11, 12, 15, 16 Three bisphosphonates (alendronate, risedronate and zoledronic acid) have reduced the risk of hip fracture. 4, 11, 16 All of the clinical trials leading to registration of agents to treat osteoporosis evaluated efficacy in older postmenopausal women known to have osteoporosis, defined as either bone mineral density (BMD) values consistent with the World Health Organization (WHO) criteria or having a previous vertebral fracture and whose risk of vertebral fractures ranged from about 1% to about 10% per year.
These results provide strong evidence for the use of pharmacological therapy in postmenopausal women (and probably older men) with osteoporosis. However, most fragility fractures occur in patients who do not have BMD values consistent with osteoporosis. 17, 18 Unfortunately, we lack evidence that drug treatment reduces fracture risk in patients who do not have osteoporosis. With the exception of estrogen, no drug has been shown to reduce fracture risk in patients without osteoporosis. Two studies with bisphosphonates included subjects with osteoporosis as well as those who did not have osteoporosis or whose osteoporosis status was not known. 5, 11 Clinical and hip fracture risk reduction was confined to those women whose bone density values meet the criteria for osteoporosis. Post hoc analyses of studies with raloxifene and alendronate have reported fracture risk reduction in women with "osteopenia". 19, 20 In neither study, however, was treatment effect evaluated in patients whose BMD values at both the hip and spine were not consistent with osteoporosis and who did not have previous vertebral fractures.
Studies of non-estrogen treatments to prevent osteoporosis have evaluated BMD changes as the primary endpoint and have been too small to assess the effects of therapy on fracture rates. [21] [22] [23] [24] [25] [26] In the Women's Health Initiative (WHI) studies, estrogen-progestin and estrogen alone reduced the risk of clinical fractures, including a 34% reduction in fractures of the spine and hip, in women not selected on the basis of fracture risk. 27, 28 The averages ages of women in the two studies were 62 and 61 years, respectively. The annualized incidence of vertebral fractures was 0.15% in the estrogen plus progestin arm of the study and 0.17% in the estrogen only arm. Absolute fracture risk reduction was 0.05-0.06% per year in these low risk populations. Between 1 600 and 2 000 women would need to be treated for a year to prevent one hip or spine fracture.
This clinical evidence documents that treating patients known to have osteoporosis effectively prevents fractures. The studies do not provide clear direction of how to reduce fracture risk in patients at lower risk.
Economic considerations
Economic considerations are important to justify the allocation of healthcare resources and to identify patients to receive drugs used for the treatment and prevention of chronic medical problems such as osteoporosis. Current models for estimating cost-effectiveness of bone-specific treatments include important risk factors such as age, low BMD and prior fracture history; the disutility associated with non-hip fracture; and the consequences for society as well as the individual patient. 29 Cost-effectiveness has been demonstrated for several of our treatments in women with osteoporosis. [30] [31] [32] Data from Western Europe and North America are generally used, and common cost-effective thresholds of between $40 000-50 000 per quality-adjusted life-year (QALY). An analysis with alendronate in postmenopausal women with low BMD demonstrated that the cost per QALY decreased substantially with advanced age and the presence of a prior vertebral fracture, both of which are strong and well recognized risk factors for both hip and spine fracture. 30 Cost-effectiveness was demonstrated in women between ages 65 and 77 with a prior vertebral fracture. Using similar criteria, risedronate therapy was cost-effective in women 65 and older with either previous vertebral fractures or T-scores of salud pública de méxico / vol. 51 31 These results were consistent with the cost-effective analysis performed by a task force of the National Osteoporosis Foundation, demonstrating that alendronate therapy would be cost-effective in a 65 year-old woman without a prior fracture only if BMD values were between -2.5 and -3 or lower. 33 In contrast, an analysis by Schoesboe and colleagues demonstrated that the cost per QALY with alendronate therapy in women ages 55-74 with femoral neck T-score values between -1.5 and -2.4 without other risk factors ranged between $70 000 and $332 000, substantially above the generally accepted threshold. 34 Only the presence of very strong BMD-independent risk factors such as previous vertebral fracture or glucocorticoid use would render therapy cost-effective in these women without BMD criteria for osteoporosis.
These economic analyses suggest that therapy with our current treatment options is not cost-effective in most patients who do not have osteoporosis, even if we were confident that therapy reduced fracture risk in those lower risk patients. The absolute fracture risk in the patients selected for therapy is more important in determining cost-effectiveness than is the relative risk reduction of the therapy. 35 The agreement of the clinical and economic data in which both fracture protection and cost-effectiveness of approved agents have been demonstrated only in moderate or high risk patients provides a strong basis for recommendations that therapy be specifically targeted to those patients.
Thresholds for diagnosis and treatment
Osteoporosis is now defined as a disorder of increased fracture risk due to skeletal fragility. 36 Impaired bone strength is the result of the combined effects of low bone mineral density and changes in bone architecture and quality. Because measurements of bone architecture, quality and strength are not available in the clinical setting, measurement of BMD is the clinical tool for the assessment of osteoporosis. The diagnosis of osteoporosis in postmenopausal women is currently defined by the WHO as a BMD value that is 2.5 standard deviations below the average value in healthy young women (T-score of -2.5). 37 The importance of BMD as an index of fracture risk in older women is well established. For each SD decrease in age-adjusted BMD, the relative risk of fracture increases by 1.5-2.5 fold. 38 However, other clinical risk factors exist that are at least partially independent of BMD. The relationship between BMD and fracture risk is strongly modified by age. 39 At any given level of BMD, younger women are at lower risk of fracture than are older women. Pre-existing fracture substantially increases the subsequent fracture. 40 A history of any prior fragility fracture increases the relative risk for having a subsequent osteoporotic fracture by a factor of 1.74 (confidence interval 1.57-1.92) in women after adjustment for BMD. Other factors including family history, indices of bone turnover and co-existing medical problems significantly affect fracture probability independently of BMD. 41 The BMD threshold for the diagnosis of osteoporosis does not adequately serve as an appropriate threshold at which drug therapy would be appropriate. While the BMD T-score is used to diagnose osteoporosis in postmenopausal women, the T-score value provides little information about absolute fracture risk until it is combined with the rest of the clinical information.
Clinical guidelines for treating osteoporosis
Recent clinical guidelines have recognized the inadequacy of BMD alone as the determinant of an intervention threshold by proposing different BMD values for considering therapy depending upon the presence or absence of other important risk factors. Therapy is generally recommended for all postmenopausal women with T-score values below an arbitrary value and in those with less low BMD if risk factors are present. In Mexico, the AMMOM task force proposed treatment of all postmenopausal women with osteoporosis; women over age 65 with osteopenia and at least one additional risk factor; and women between ages 50 and 65 with osteopenia, one additional risk factor and increased levels of biochemical markers of bone remodeling. 42 Preliminary guidelines from the National Institute for Health and Clinical Excellence (NICE) in the UK have combined age, fracture history, BMD and other risk factors. 43 Therapy is recommended in women aged 75 years or older with a prior fracture without the need for dual X-ray absorptiometry (DXA) scanning, in those aged 65-74 years if a T-score of -2.5 or below is confirmed by DXA scanning, and for women below age 65 if they have a BMD T-score of -3 or lower. Bisphosphonate therapy is also recommended for the primary prevention of osteoporotic fragility fractures in women aged 75 years or older with a T-score of -2.5 or below who have one or more of several clinical risk factors.
In the United States, the National Osteoporosis Foundation (NOF) made detailed recommendations for osteoporosis management based initially on a statistical model for determining cost-utility of treatment. 34 Specific recommendations were made for various combinations of clinical risk factors including BMD. A condensed, simplified version recommended treatment of all postmenopausal women with T-score values of -2 or lower, and for those with values between -1.5 and -2 if risk factors were present. 44 Other North American guidelines are generally more conservative than those of the NOF. [45] [46] [47] Most recommend using a combination of BMD and risk factors to select patients for treatment. Variability exists among the guidelines in the T-scores at which therapy is recommended and in the risk factors upon which the BMD threshold for therapy is modified.
Models based on absolute fracture risk
There is now strong consensus that decision about beginning osteoporosis therapy should be based on the patient's absolute risk of fracture. 48 Several models for estimating fracture risk by combining information about BMD with clinical risk factors including falls and frailty have been devised and evaluated. [49] [50] [51] [52] With the objective of developing a tool with which to determine treatment thresholds, an algorithm to assess fracture probability in individual patients is being developed by a task force of the World Health Organization. 53 By combining data from almost all of the large observational studies performed in populations in different parts of the world, the strength of the correlations between risk factors and fracture risk were accurately quantified. Risk factors included in the algorithm are easily acquired, independent of BMD and amenable to pharmacological intervention. These include BMD of the femoral neck, age, personal and family history of fracture, current smoking, excessive alcohol intake, history of glucocorticoid therapy and secondary osteoporosis (rheumatoid arthritis). BMI will be used as an alternative to BMD when the latter is not available. The complex interplay among the risk factors has been taken into account, providing a robust and validated tool. 54 The model estimates the absolute risk (probability) of experiencing a clinical fragility fracture of the hip, spine, humerus or forearm over the next 10 years. Decisions about specific levels of risk at which treatment is recommended will be left to individual countries and health systems based upon the availability of healthcare resources and the position of osteoporosis among the various medical priorities.
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Implications and limitations
The move from BMD-based treatment thresholds to a risk-based strategy will recommend therapy costeffectively and will target toward patients who will receive the greatest clinical benefit. A shift will occur from treatment being recommended from younger postmenopausal women with modestly low BMD but whose risk for fracture is low to older patients without osteoporosis but whose risk is moderate to high due to other risk factors. 56 The question of whether to treat patients with "osteopenia" will no longer be pertinent. Rather, absolute risk assessment will be used to identify specific patients who do not have osteoporosis who would benefit from drug therapy. The specific implications for Mexico of which and how many patients will be treated will depend upon appropriate analysis and estimates of cost utility within the Mexican health system. The availability of epidemiological data about fracture incidence in Mexico will add to the value of the fracture risk assessment tool for Mexican clinicians and health policy planners. 57, 58 In parts of Mexico where access to bone density testing is limited, the fracture risk algorithm without BMD could be used to make treatment decisions (figure 1). Where bone density testing is available, risk assessment could also be used to select patients for whom testing would be appropriate. Testing would be most valuable in patients with intermediate risk near the threshold for treatment. BMD testing would not be indicated if risk based on clinical factors is low. As in circumstances where BMD is not available, therapy could be considered without BMD testing for patients at high risk based on clinical risk factors.
A major limitation of using a risk-based treatment threshold is that little information exists about the ef- McClung M fectiveness of drug treatment in patients selected on the basis of fracture risk, a problem shared by most of the current BMD-based treatment guidelines. The risk-based approach will be applicable only in older adults. It will not apply to many other patients in which treatment decisions must be made including women in early menopause, those receiving drugs causing bone loss such as aromatase inhibitors, and the management of low bone mass in young adults.
Conclusions
The availability of data from epidemiological studies and clinical trials provides strong evidence upon which to base recommendations about which patients are candidates for pharmacological therapy to prevent fractures related to osteoporosis. Distinctions must be made between criteria used for diagnosing osteoporosis (BMD testing) and for determining who to treat. Moving from BMD-based to risk-based treatment indications will have valuable implications for health systems, for clinicians and for patients. Treatment will be directed at individuals who stand to benefit the most, and health systems will be able to estimate both the cost and the impact of treatment strategies.
